The eukaryotic supergroup Opisthokonta includes animals (Metazoa), fungi, and choanoflagellates, as well as the lesser known unicellular lineages Nucleariidae, Fonticula alba, Ichthyosporea, Filasterea and Corallochytrium limacisporum. Whereas the evolutionary positions of the well-known opisthokonts are mostly resolved, the phylogenetic relationships among the more obscure lineages are not. Within the Unikonta (Opisthokonta and Amoebozoa), it has not been determined whether the Apusozoa (apusomonads and ancyromonads) or the Amoebozoa form the sister group to opisthokonts, nor to which side of the hypothesized unikont/bikont divide the Apusozoa belong. Aiming at elucidating the evolutionary tree of the unikonts, we have assembled a dataset with a large sampling of both organisms and genes, including representatives from all known opisthokont lineages. In addition, we include new molecular data from an additional ichthyosporean (Creolimax fragrantissima) and choanoflagellate (Codosiga botrytis). Our analyses show the Apusozoa as a paraphyletic assemblage within the unikonts, with the Apusomonadida forming a sister group to the opisthokonts. Within the Holozoa, the Ichthyosporea diverge first, followed by C. limacisporum, the Filasterea, the Choanoflagellata, and the Metazoa. With our data enriched tree, it is possible to pinpoint the origin and evolution of morphological characters. As an example, we discuss the evolution of the unikont kinetid.
Introduction
Our understanding of organismal evolution has improved significantly in recent decades, thanks largely to the contributions of improved molecular techniques and new microscopy data. Molecular phylogenies have consistently improved the tree of eukaryotes, now divided into five or six supergroups (Simpson and Roger 2004; Adl et al. 2005; Keeling et al. 2005; Roger and Simpson 2009 ). However, the root of the eukaryotes and the relationships among these eukaryotic supergroups remain uncertain. One of the most widespread hypotheses roots the eukaryote tree between the Unikonta, unicellular organisms whose ancestral mode of locomotion appears to have been based on a single cilium and basal body, and the Bikonta (Cavalier-Smith 2002) . Other authors have proposed alternative hypotheses, placing the root of the eukaryotes in the Excavata (Cavalier-Smith 2010) or the Plantae (Rogozin et al. 2009 ); however, these hypotheses do not generally contradict a monophyletic union of the unikonts (except see Katz et al. 2012 ).
The unikonts, comprised of the Amoebozoa and Opisthokonta, have a striking diversity of forms. For example, several types of multicellularity have independently emerged, including the distinctive and well known metazoan and fungal body plans, the colonial stages of choanoflagellates and ichthyosporeans, and the aggregative fruiting bodies of Fonticula alba and dictyostelid slime molds (Paps and Ruiz-Trillo 2010 and references within) . A sister group relationship between the Amoebozoa and the Opisthokonta has been supported by several molecular phylogenies (Burki et al. 2007; Rodriguez-Ezpeleta et al. 2007; RuizTrillo et al. 2006; Ruiz-Trillo et al. 2008 ) and molecular synapomorphies (Richards and Cavalier-Smith 2005; Rogozin et al. 2009; Stechmann and Cavalier-Smith 2002) . However, the Apusozoa, which consists of apusomonads and ancyromonads, has a contentious relationship with the unikonts. In some studies the Apusomonadida appear to belong within the unikonts and to be related to the opisthokonts (Cavalier-Smith and Chao 1995, Kim et al. 2006 , Katz et al. 2011 , Torruella et al. 2012 . Other data, however, suggests a closer relationship to the bikonts due to their bi-flagellated form and the presence of a bikontspecific molecular gene fusion (Stechmann and Cavalier-Smith 2002; Stechmann and Cavalier-Smith 2003) .
The monophyletic grouping of Opisthokonta is well supported by both molecular trees (Baldauf et al. 2000; Lang et al. 2002; Medina et al. 2003; Ruiz-Trillo et al. 2004; RuizTrillo et al. 2008; Steenkamp and Baldauf 2004; Steenkamp et al. 2006; Torruella et al. 2012 ) and molecular synapomorphies, such as a 12 amino acid insertion in the elongation 1 alpha (EF1-alpha) gene (Baldauf and Palmer 1993; Steenkamp and Baldauf 2004 ) and a haloarchaeal-type tyrosyl tRNA synthetase (Huang et al. 2005 , but see Shadwick and RuizTrillo 2012) . These molecular analyses also tend to divide the opisthokonts into two clades: the Holozoa (Lang et al. 2002) , which includes the Metazoa and their unicellular relatives, and the Holomycota (Liu et al. 2009 , also named Nucletmycea (Brown et al. 2009 ), which contains the fungi, nucleariids, and F. alba. Within the Holozoa, the sister-group relationship of Metazoa and choanoflagellates is also well supported (Carr et al. 2008; Lang et al. 2002; Medina et al. 2001; Ruiz-Trillo et al. 2006; Ruiz-Trillo et al. 2008; Torruella et al. 2012) .
Within the unikonts the relationships between several lineages and placement of certain enigmatic taxa remain undetermined. For example, within the Holozoa, the position of C. limacisporum, relative to the Filasterea (Ministeria vibrans + Capsaspora owczarzaki) and Ichthyosporea is still contentious (reviewed by Paps and Ruiz-Trillo 2010) , as are the specific relationships between the Holomycota lineages F. alba, Nucleariidae and Fungi. The affiliation of Breviata anathema (Walker et al. 2006) , previously known as Mastigamoeba invertens , with the Amoebozoa is also uncertain. Some studies with high numbers of genes Ruiz-Trillo et al. 2008; ShalchianTabrizi et al. 2008; Torruella et al. 2012) and others with fewer genes but broader taxonomic sampling (Brown et al. 2009; Ruiz-Trillo et al. 2004; Ruiz-Trillo et al. 2006; Steenkamp et al. 2006 ) have been able to hint at the positions of some of these organisms. However, no single molecular study so far has included multiple representatives from each of the known opisthokont lineages.
In this study we have built a dataset that balances both the sampling of taxa and markers with the aim of solving the position of the lesser-known taxa and clades in the unikont tree. Our alignment contains representatives of all the main opisthokont clades, several representatives of the Amoebozoa and the Apusozoa, and a robust selection of bikonts. We have collected data for eight molecular markers, the two ribosomal subunit rDNA genes (18S and 28S) and six protein coding genes: actin, elongation factor 1 alpha (EF1 alpha), alpha and beta tubulins, and the heat shock proteins 70 (hsp 70) and 90 (hsp 90). We have also produced new sequences by a PCR-based survey and by mining genome projects and ESTs (expressed sequence tag) collections. Specifically, we have amplified and sequenced five molecular markers from the ichthyosporean C. fragrantissima (Marshall et al. 2008) and the freshwater choanoflagellate C. botrytis. The final alignment contains 73 taxa and was analyzed using probabilistic methods.
Results

Datasets
The main molecular dataset contains 492 different sequences, and had 84% occupancy (i.e. 84% of all possible sequences for all taxa were sampled) and 30% missing data. Taxa used, their percentage of missing data, and their accession numbers are listed in Supplementary  Table 1 . There are 12 taxa whose missing data percentage is above 50%, and they are evenly spread through the groups sampled. The data consists of nucleotides from the two ribosomal RNA genes and amino acids from the 6 protein coding genes, totalling 6,110 characters. To test the effect of long branched Amoebozoa on the position of the Apusozoa, two additional datasets were generated, one excluding the longest branched amoebozoans and another with no amoebozoan representatives. Figure 1 shows the combined results of the maximum likelihood (ML) and Bayesian inference (BI) analyses of our dataset. Both trees show almost the same branching pattern and display high support for several nodes. Notable exceptions include the weak association of B. anathema with Amoebozoa, a lack of support for a relationship between the Choanoflagellata and Filasterea, and poor resolution of some of the internal branches within the choanoflagellates. The datasets which either exclude all amoebozoans, including B. anathema ( Figure S1 ), or exclude the fastest evolving Amoebozoa (Figure S2 ), show topologies mostly congruent with the main dataset, except that B. anathema groups with the bikonts in the analysis without the fastest evolving Amoebozoa ( Figure S2 ).
Phylogenetic analyses
The tree shows the division of Unikonta, including Apusozoa, from the Bikonta, (Figure 1 ), albeit with weak support. However, when amoebozoans are completely removed from the analysis ( Figure S1 ), the support for the unikont-bikont partition increases to a bootstrap support (BS) of 94%. This may be caused by the unstable phylogenetic position of the B. anathema, which has 57% missing data, and/or the long branches present in most amoebozoan representatives. B. anathema is positioned as the sister group to all other amoebozoans, but with low statistical support (BS=54%). The monophyletic relationship and internal nodes of the other conventionally accepted amoebozoans are well supported.
The Apusozoa appear as a paraphyletic assemblage laddered between the amoebozoans and the opisthokonts (Figure 1 ). The apusozoan Ancyromonas micra (Order Ancyromonadida, formerly known as Planomonas micra belonging to Order Planomonadida, see Heiss et al. 2010 ) diverges first while a clade consisting of Apusomonas proboscidea and Thecamonas trahens (Order Apusomonadida, T. trahens was formerly known as Amastigomonas sp. ATCC50062, see Cavalier-Smith and Chao 2010) is shown as sister group to the opisthokonts. Both the relationship between the two apusozoan lineages and the opisthokonts and the split between the ancyromonads and apusomonads are further reinforced when the amoebozoans are removed from the analyses ( Figure S1 ).
The Opisthokonta are recovered with maximum support with all the alignments and algorithms (Figures 1, S1 and S2). The subdivision into the Holozoa and the Holomycota is also well supported. Within the Holomycota, two clades with high statistical support are found, one leading to F. alba and Nuclearia simplex and the other to Fungi. Within the Holozoa, the trees show the Ichthyosporea (Amoebidium parasiticum, Sphaeroforma arctica and C. fragrantissima) as their first branch, with C. fragrantissima as a sister group to S. arctica (with maximum support by all analyses, Figures 1, S1 and S2). The node that positions the ichthyosporeans at the base of the Holozoa and groups C. limacisporum with the remaining Holozoa holds moderately high support (BS=87%), which increases in the tree without Amoebozoa (BS=98%, see Figure S1 ). While it seems clear that Corallochytrea, Filasterea and Choanoflagellates + Metazoa form a clade, the exact branching order between them is not resolved. Also, while the monophyly of Filasterea (M. vibrans and C. owczarzaki, Shalchian-Tabrizi et al. 2008 ) is recovered, the support values are not high (BS=61%). The Metazoa and the Choanoflagellata are strongly recovered as sister groups (BS=90%), and the internal phylogeny of the choanoflagellates recovers two clades present in previous studies (Nitsche et al. 2011) : the Acanthoecidae and the Salpingoecidae ( Figure  1 ). The position of the freshwater choanoflagellate C. botrytis grouped with the Acanthoecidae but only with moderate Bayesian support (Figure 1 ).
Topological constraint tests
Different phylogenetic hypotheses were statistically tested (Table 1) . Most of the constrained topologies were based upon results from previous publications. Three hypothetical positions for the Apusozoa were tested: 1) the 'Apusozoa as monophyletic' hypothesis (Cavalier-Smith and Chao 2003) , 2) the 'Apusozoa as members of the Bikonta' (Stechmann and Cavalier-Smith 2003) , and 3) the 'Apusozoa as a sister group to the Unikonta' (where the Bikonta are also constrained as a monophyletic lineage). Within the opisthokonts several alternative branching orders were tested including: positioning C. limacisporum as a sister group to the Choanoflagellata (Cavalier-Smith and Chao 2003; Jostensen et al. 2002; Mendoza et al. 2002; Ruiz-Trillo et al. 2006 ), a C. limacisporum sister group relationship to the Ichthyosporea (Carr et al. 2008; Ruiz-Trillo et al. 2004; Ruiz-Trillo et al. 2006; Steenkamp et al. 2006) , and an ichthyosporean sister group relationship to the Filasterea (similar to Ruiz-Trillo et al. (2008) 
Discussion
Unikonta phylogeny
Our results recover the Amoebozoa, including B. anathema, as one of two major unikont clades (Figure 1 ), although this arrangement is not robustly supported. This result has also been seen in previous ribosomal (18S) and phylogenomic analyses (Nikolaev et al. 2006; Minge et al. 2008) . Recent phylogenomics analyses have suggested that Breviatea (CavalierSmith et al. 2004 ) is the sister group to all other amoebozoans ), but other analyses have shown B. anathema to be related to the Apusozoa (Walker et al. 2006; Katz et al. 2011) . Our data can not confidently define whether B. anathema branches within or outside the Amoebozoa.
Our analyses show the Apusozoa as a paraphyletic grouping, with the Ancyromonadida (Heiss et al. 2010 ) splitting first, followed by the well supported Apusomonadida (Karpov and Mylnikov 1989) and Opisthokonta. Although this result was reinforced following removal of the amoebozoan taxa, it is based on a single representative of the Ancyromonadida. A recent article by Cavalier-Smith and Chao (2010) based on the 18S ribosomal gene also suggests, although with low support, that the apusozoans are paraphyletic and that they are more closely related to opisthokonts than to amoebozoans. In addition, Torruella et al. (2012) recovered a well supported sister group relationship with the opisthokonts and a single apusomonad representative (T. trahens), using phylogenomic analysis. Finally, our topological restraint test rejected all alternative hypotheses enforcing either a monophyletic union of the Apusozoa or their position elsewhere in the eukaryote tree ( Table 1) .
The Opisthokonta
The Opisthokonta and their division into two major subgroups, the Holomycota and the Holozoa, are strongly supported by all our analyses (Figures 1, S1 and S2). While those two subgroups have been recovered in previous trees (Lang et al. 2002; Medina et al. 2003; Ruiz-Trillo et al. 2004; Steenkamp and Baldauf 2004; Ruiz-Trillo et al. 2008; ) , this is the first multigenic analyses to include such high numbers of choanoflagellates and ichthyosporeans, as well as generous taxon sampling from close outgroup taxa. Within the Holomycota, N. simplex and F. alba form a robust clade as a sister group to the Fungi, in agreement with the only other study with comparable taxon sampling (Brown et al. 2009 ) (Figure 1 ).
Within the Holozoa, our results support the well-known relationship between the Metazoa and the Choanoflagellata (Carr et al. 2008; Lang et al. 2002; Medina et al. 2001; Ruiz-Trillo et al. 2006; Ruiz-Trillo et al. 2008; Torruella et al. 2012) . Most of the internal phylogeny of Choanoflagellata is weakly supported, likely a consequence of the high percentage of missing data in most choanoflagellate taxa. Our trees support a sister-group relationship between the Ichthyosporea and the rest of holozoans rather than as a sister group to the Our analysis differs in that it also includes C. limacisporum. C. limacisporum has previously been suggested to be related to the choanoflagellates (Cavalier-Smith and Allsopp 1996), to Fungi (Sumathi et al. 2006) or to the Ichthyosporea (Steenkamp et al. 2006 ). Instead our results suggest that C. limacisporum is a sister lineage to the Filazoa and all previous hypotheses were rejected based on the AU test of our dataset. Nonetheless, the specific position of C. limacisporum remains unresolved, and more data and wider taxon sampling are almost certainly needed to recover this specific phylogenetic position. Unfortunately current taxon sampling from Corallochytrium, Capsaspora, and Ministeria, is limited by the number of representatives known to science.
The evolution of basal body arrangement and the unikont/bikont condition
Although our tree does not robustly infer the phylogenetic position of all taxa analyzed, it does both resolve and confirm many relationships, thereby forming a reasonable starting point to postulate evolutionary scenarios. As an example, Figure 2 shows a summary of our main results, accompanied by a sketch of the locomotion complex (kinetid) for each group. This scheme can be used to outline a hypothetical proposal for the evolution of the flagellar apparatus in unikonts. Nonetheless, we recognize that this proposal is limited by both the number species known to date, as well as the incomplete morphological data available. The kinetid is formed by one or two flagella and one or more basal bodies. Flagella are always attached to a basal body, but not all the basal bodies within a kinetid have an attached flagella. Groups that lack a kinetid tend to move by amoeboid movements (see Figure 2) . The structure of the kinetid in the last common ancestor of all Amoebozoa is important for understanding the origins of the eukaryotes, i.e. the validity of unikont/bikont rooting. Although most amoebozoans do not have flagella, some display one or more flagella and varying numbers of basal bodies. For example, one basal body is found in some Archamoebae and in the conosean Multicilia marina, two basal bodies are seen in some myxogastrids slime molds, and a mixture of both states are found in protostelids . The kinetid configuration consisting of one flagellum and one basal body as displayed in some amoebozoans is similar to the ancestral unikont-like eukaryote proposed by Cavalier-Smith (2002) ; thus an ancestral Amoebozoa with this arrangement would support the latter hypothesis. However, those flagellated amoebozoans having a single basal body show a more recently derived position within the amoebozoans, making it difficult to clarify the ancestral state of the group. Furthermore, B. anathema, which positions here as the sister group to all other amoebozoans, has a single flagellum but has at least two basal bodies, a state also present in the flagellated Opisthokonta (Roger and Simpson 2009 ). In contrast to opisthokonts, B. anathema's kinetid is found in the anterior part of the cell while that of opisthokonts' is in the posterior part. This, together with B. anathema's position as the earliest known branch of Amoebozoa (Figure 1 , Minge et al. 2008) , points to the presence of at least two basal bodies in the unikont's last common ancestor, as opposed to an ancestor with a single basal body, and further suggests that the kinetid was located in the anterior part of the cell. This hypothesis is further reinforced by the apparent paraphyly of the Apusozoa, where each branch is represented by taxa having two flagella and two basal bodies in the anterior part of the cell (Roger and Simpson 2009 ). Therefore the presence of an anterior kinetid with at least two basal bodies in some bikonts, B. anathema, ancyromonads and apusomonads, suggests that the last common ancestor of eukaryotes may also have had an anterior kinetid with at least two basal bodies.
Inferring the number of flagella per kinetid in the last common eukaryotic ancestor is more speculative and may involve several independent gains and/or losses. Assuming that the ancestor had two flagella (as in bikonts and the two apusozoan branches), then one flagellum was independently lost in Breviatea and Opisthokonta. Alternatively, if the eukaryotic ancestor had one flagellum, then a second one was independently gained within the Amoebozoa (i.e. in Physarium) and again, either in the last common ancestor of ancyromonads, apusomonads and opisthokonts (then lost again in opishtokonts) or in both the ancyromonads and apusomonads.
Within the Opisthokonta, the archetypical posteriorly flagellated morphology is represented by the choanoflagellates. Uni-flagellated life stages are present as zoospores in earlybranching fungi (Tanabe et al. 2005 ) and the ichthyosporean order Dermocystida (Mendoza et al. 2002) , and also as metazoan sperm cells. While it is clear that the kinetid was lost in the ichthyosporean order Ichthyophonida and in the derived fungi (Tanabe et al. 2005) , the evolution of the flagellar apparatus in other opisthokonts remains less clear due to the limited number of isolated taxa and morphological studies.
If the flagellar apparatus is homologous between opisthokonts and apusozoans, then the possible paraphyly of the apusozoans would indicate an apusozoan-like ancestor for opisthokonts. This allows for a provisional description of kinetid evolution in the opisthokont lineage. Accordingly, the anterior kinetid seen in apusozoans would have moved to the posterior part of the cell and one of the two flagella would have been lost, thereby leaving the opisthokont ancestor with a single posterior flagellum attached to one basal body and one non-flagellated basal body. This means that this second basal flagellum would have been lost twice within the unikonts: once in the anterior kinetid of B. anathema and another time in the opisthokont ancestor. Finally, the kinetid would have been lost on at least five occasions within the opisthokonts: 1) in the common ancestor of nucleariids and F. alba as proposed by Brown et al. (2009) , 2) in the derived fungi, likely many times, consistent with Hibbet et al. (2007) , and three more times within the Holozoa in 3) Ichthyophonida, 4) C. limacisporum and 5) Filasterea. In the case of filastereans, it is noteworthy that according to Cavalier-Smith (Cavalier-Smith and Chao 2003) "Ministeria vibrans has a vibratile stalk which has some ultrastructural similarity to a cilium", but there is no evidence of flagellum/cilium in Ministeria marisola or C. owczarzaki. In any case, further data on the ontogeny, structure and genetics of the different eukaryotic clades is needed to completely understand flagellum evolution.
Conclusions
Our multigene analysis of the Opisthokonta confirms some previous phylogenetic relationships, such as the monophyly of the opisthokonts, the division of opisthokonts into Holozoa and Holomycota, and the monophyly of nucleariids + F. alba and their sister group relationship to Fungi. Our data also provide strong support to some contentious hypotheses, such as apusozoan paraphyly and their sister group relationship to opisthokonts, and moderate support to the position of Filasterea as sister group to Choanoflagellata and Metazoa rather than to Ichthyosporea. Finally, our results suggest that C. limacisporum is related to the filozoan clades, although its specific phylogenetic position within the Holozoa remains unclear. Our tree provides a framework on which to discuss character evolution as more morphological and biochemical data on lesser known taxa and lineages becomes available.
Methods
Organisms and molecular methods
The culture of the ichthyosporean C. fragrantissima strain CH2 was grown as specified in Marshall et al. (2008) . The culture of the choanoflagellate C. botrytis was a kind donation from Prof. Hartmut Arndt (University of Cologne) to Hiroshi Suga and was grown in WC medium (Guillard and Lorenzen 1972) . The RNA extractions were performed from pelleted live cultures using TRIzol (Amersham Pharmacia Biotech) and cDNA was obtained by reverse transcription with M-MLV reverse transcriptase (Promega). Eight markers were amplified and sequenced: the two ribosomal subunit rDNA genes (18S and 28S) and six protein coding genes: actin, elongation factor 1 alpha (EF1 alpha), alpha and beta tubulins, and the heat shock proteins 70 (hsp 70) and 90 (hsp 90). The 8 gene fragments were amplified by PCR using universal degenerate primers (Supplementary Table 2 ). The PCR was performed with 25 μl final volume, using 1 unit of Taq polymerase and 0.5 μl betaine (Sigma) as PCR enhancer. PCR products were purified using Microcon PCR columns (Millipore) and directly sequenced from both strands (Big Dye Terminator V.2.0, Applied Biosystems). Sequence products were ethanol precipitated and run on an ABI Prism 3700 (Applied Biosystems) automated sequencer. The sequence data were assembled with SeqEd V.1.0.3 (Applied Biosystems). New sequences have been deposited in GenBank with accession numbers HQ896013-22.
Alignments and Phylogenetic Analyses
Gene sequences were downloaded from GenBank or from genome and EST projects hosted in different public institutes (Broad Institute, Joint Genome Institute, etc). See Supplementary Table 1 for sequences origins and accession numbers. Each gene was aligned independently using MAFFT (Katoh et al. 2005) , and the resulting alignments were checked by eye with Bioedit v. 7.0.9.0 (Hall 1999) . Regions of ambiguous alignment were removed using the online version of Gblocks (Castresana 2000) with the "less stringent selection" options selected. The final alignments had 1390 positions for 18S, 2206 for 28S, 371 for actin, 404 for EF1-alpha, 508 for hsp70, 534 for, hsp90, 392 for tubulin alpha, and 398 for tubulin beta. For each alignment, gene orthology was assessed with single-gene phylogenies. The final curated alignments were concatenated using Bioedit, producing a 6,110 positions matrix for 73 taxa. Alignments can be downloaded from the webpage http:www.multicellgenome.com and have been deposited at Dryad Repository: http:// dx.doi.org/10.5061/dryad.v3p3j.
Bayesian inference trees were inferred with a parallelized version of MrBayes software v. 3.1.2 (Ronquist and Huelsenbeck 2003) , using a partitioned dataset (one partition for each gene, unlinking parameter estimation for each partition) and running 3,000,000 generations in 2 independent sets of 4 chains (with a sample frequency of 1 in 1000). MrBayes was run using the model GTR + Γ + I (4 gamma categories + 1 invariable) for the nucleotide markers (ribosomal genes) and WAG + Γ + I (4 gamma categories + 1 invariable) for the proteincoding genes; all the 8 partitions had an independently applied co-varion correction. Before obtaining consensus tree and posterior probabilities, all trees sampled before the likelihood values reached a plateau were removed, resulting in a burnin of a 1,000,000 generations (all the PRSF values approaching 1 to the second decimal point). Maximum likelihood trees were inferred with RAxML v.7.2.6 (Stamatakis 2006), using a partitioned dataset (8 partitions, one for each gene), using the model GTR + Γ + I (4 gamma categories + 1 invariable) for the nucleotide partitions (ribosomal genes) and LG + Γ + I (4 gamma categories + 1 invariable) for the amino acid ones (protein-coding genes). A random topology was used as starting tree and 1,000 bootstrap replicates were obtained (options -f i -b 1999 -#1000). Four independent analyses were run to check that the resulting topology was not the result of a single run being trapped in a local maxima. In order to evaluate the competing topologies, we performed two approximately unbiased tests (Shimodaira and Hasegawa 2001) on two topology sets. First (Test 1), the Holozoa phylogeny was analysed. All possible topologies were explored by combining seven subtrees (Metazoa, Choanoflagellata, Filasterea, Corallochytrea, Ichthyosporea, Fungi, and Apusozoa +Amoebozoa+Bikonta) from the ML tree, and explored all possible combinations of the sub-trees (745 topologies in total). Second (Test 2), the Apusozoa phylogeny was analysed. We tested all the possible positions, except inside the Holozoa, of the T. trahens + A. proboscidea lineage and the A. micra lineage on the ML toplogy, fixing the other branching patterns (2499 topologies in total). CONSEL V0.1i (Shimodaira and Hasegawa 2001) was used to perform the AU tests (Shimodaira 2002) . 
